Abstract. 2014 The near edge structure up to 30 eV above the ionisation threshold of inner shell edges can be interpreted either as the result of interference of waves scattered from neighbouring atoms or in terms of the local projected conduction band density of states. Methods of calculating near edge structure based on both these viewpoints will be discussed and applications to the near edge structures observed in semiconductors and insulators reviewed. Particular emphasis will be given to those cases where the calculations lead to a simple interpretation of near edge structure.
The characteristic inner shell edges observed in electron energy loss spectroscopy have traditionally been used for elemental analysis. Now that spectrometers capable of giving about 1 to 1.5 eV resolution on conventional TEMs and 0.3 to 0.5 eV resolution on cold field emission STEMs have become available the observation of fine structure oscillations has become routine.
In particular the large modulations within the first 20 to 30 eV above threshold have become easy to observe and can be detected even when the element is present in low concentrations (below about 10% relative to the majority constituent). It would be advantageous if the fine structures could give some new information on the microstructure of the material, especially if that information could not be obtained in other ways. The materials scientist would like to know whether the near edge structure gives information about elemental charge state, local bonding or the local nature of the conduction band. Alternatively the fine structure might be sensitive to environment or coordination number. Another possibility is that it only reflects interatomic bond distances, but in a more convoluted way than the much weaker extended fine structure which starts about 30eV above threshold.
One approach to understanding near edge structure is to collect "fingerprints" from elements in similar environments and try to identify common features (see the article by Brydson in this volume). The other approach, which is adopted in this paper, is to calculate the near edge structure using appropriate theory and identify those features which show sensitivity to a property of interest. In practice both methods can be valuable and they readily complement each other.
Calculations have traditionally relied on two theoretical approaches. The most common method, which has been extensively used by the X-ray absorption community, is the cluster calculation or XANES method of Durham et al. (1982) [1] . The [2] . The spherically symmetric parts of the potential from neighbouring atoms is superposed using the prescription suggested by Mattheis (1964) [3] . Scattering from these atomic muffin tins is represented by the phase shifts at the muffin tin radius which are obtained by matching the solution of ingoing and outgoing spherical waves to the solution of the Schrodinger equation for an electron of the appropriate energy above the muffin tin zero. In this case the muffin tin zero represents the inner shall threshold. Exchange is treated by the Xa prescription which assumes that the exchange potential is a function of the local electron density. In the XANES method the scattering from the various shells is summed first and then the various scattering events between the shells is considered. In this way a separation can be made between the intrashell scattering and the intershell scattering.
A method closely related to the XANES method has been developed by Fujikawa (1983) [4] . The significant difference is that he does not sum over the scattering within a coordination shell before calculating the intershell processes. The Slater and Johnson (1972) [5] Xa method is also closely related to the XANES method though in its original form it was mainly used to provide energies of molecular orbitals. The major difference between the Xa method and the XANES method is that the excited electron wave function is used to recalculate the charge density, and hence the potential, until self consistency is reached. In the XANES method the excited electron is assumed to scatter in a one-electron potential that has already been defined. Another less significant difference is that the Xa method allows for an outgoing spherical wave travelling away from the cluster. All the methods as described above are one-electron schemes in that no attempt is made to consider the effects of the core hole on the remaining electrons. There have been attempts to incorporate the core hole effect in cluster schemes using an atom of atomic number Z + 1 for the excited atom [6] , or by using a transition state in which phase shifts are calculated with fractional occupancy in the inner shell and some higher shell.
We were interested in determining whether the near edge structure could be used to determine ionicity as reported by Oizumi et al. (1985) [7] in a study in alkali halides. We applied the XANES method to the calculation of the near edge structure on the oxygen K edge of various oxides with the NaCI structure (see Fig. 1 ). [9] . The LAPW program has been applied to transition metals and their carbides, oxides and nitrides [10] . It is particularly well suited to computations involving the d bands of these materials. Normally the pseudopotential band theory techniques, which have been so successful when applied to semiconductors, have not been applied to this problem as they use plane waves as a basis set and these have not been projected in the appropriate way. We have used a variation of the pseudo-potential method in which the basis of the expansion are pseudo atomic orbitals calculated from a sum of Slater-type orbitals [11] . The decomposition into states of different angular momentum is therefore explicit in the formalism. Bloch functions can be constructed from these states and an appropriate Hamiltonian diagonalised to yield the energy bands. The Hamiltonian uses a self consistent pseudopotential with the local density approximation (LDA) [12] for correlation and exchange. This means that the electron exchange and correlation parts of the effective potential can be expressed as functions of the local electron density. Strictly the local density approximation does not apply to empty states, but to go beyond this approximation is computationally very difficult. In the end we can justify our use of the LDA by the agreement with experiment. The densities of states can be calculated from the usual prescription by integrating the reciprocal of the energy gradient in K space over constant energy surfaces.
We have applied this method [13] Comparing the heights of these différent features gives a measure of coordination by strongly scattering neighbours. In our experience the XANES method work best when there is strong scattering and the symmetry allows for an obvious partitioning into muffin tins. They also perform well when there is a dense packing. XANES calculations have been less successful for the less densely packed semiconductor structures and the results (as expected) are quite poor for layer materials such as graphite [14] . Recent work by Stohr using the Xa method has shown better results than XANES for small molecular clusters. This might be attributed to the lack of self consistency in the XANES procedure.
The pseudo-atomic-orbital calculations have given very good agreement with the near edge structure in semiconductors and ceramic materials in the region up to 15 eV above threshold. They have been shown to be adequate for interpreting the near edge structure at resolutions of up to 0.5 eV What many electron effects should be included for a description at superior energy resolution is, at present, an open question. The calculations can certainly act as a guide for interpreting the near edge structure in terms of both molecular orbitals and various features in the band structure. It might also be possible to correlate the magnitude of near edge fine structure features with charge transfer.
